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Submittod to Division 13, NDRC,
Octobor 31, 1945,

SEOTION I,
Introduotion

The subjoot of contract ORMar.l478 is statod as follows:

"Ta conduct miscollanoous studios end invostigations
involving radio interference phenomena including de-
veloment of standards for measurements and measure-
ment techniques, comparison of wvarious types of noise
meters and construction of a standard noise meter."

The contract was originally signed for the period June' 4, 1945 to
August 31, 1945, The contract was then extonded to Soptomber 30,
1945; there was a final extension to October 31, 1945,

During Soptembor and Ootobor discussions with tho Navy Burcau of
Ships have lod to tho properation of a contract now in tho pro-
coss of dovolopmont botwoen the University of Ponnsylvania and

the Navy Bureau of Ships to bogin Novombor 1, 1945. This contract
has boon proparod to carry tho work until June 30, 1946; the new
contract is No. NObs 25397,

Earlior work on this projoot was roportod in BIMONTHLY REPORT No. 1,
August 4, 1945, Sinoo that roport was proparcd, it was dotorminod
that tho OSRD vms to torminato this contract on or bofaro Octobor
31,.1945, Profossor Delziol immodiatoly took up tho quostion of
oxtonding tho work by moans of anothor contract with ono of tho
Sorvicos, with tho rosults outlinod abovo.

In addition to tho Buroacu of Ships of tho U,S. Navy, tho Radio and
Radar Division of tho U.S. Army Air Foreo and tho Signal Corps have
indicatod thoir intorest in tho continuation of tho work boing
undortakon at tho Univorsity of Ponnsylvania. It is undorstood
that tho now controect with tho U,8, Navy will pormit tho corrola-
tion of thoso sovoral groups, so that thoy can rocoive roports

and take part in conforoncos rolatod to tho work of tho Projoct.

Tho nood for invostigation of radio noiso moasuremonts arisos from
tho fact that moasuremonts, using noiso motors that aro now avail.
able, show anomalous disorepancios.

It is roported that various instrumonts having boon calibrated with

sino wavo signals road difforontly to as groat an oxtent as 1000 to
1 whon thoy are prosunlbly roading the fiold :l.ntonl:lty from tho samo
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noise source, With tho same metor very different results are
froquently obtained, whon roadings aro takon on two frequency ‘
vands in the rogion of their overlap, In each case the degreo
of the discropancy is roportod to bo differont for difforent

:iniso sourcos. Wo understand that those discropancies are groater i
xhon radiatod noiso is being obsorvod than when diroct conducted
noise is boing obsorvod,

ey
-

gy
-
-

. It was roportod in tho BIMONTHLY REPORT No, 1 that rescarch en-
©inoors of tho University of Ponnsylvania woro carrying out oonfor-
onces with mombers of tho Armod Sorvioos who have boen working on
problems rolated to tho work under contract OEMsr-1478; that ro-
quosts woro subriittod for signal gonorating equipmont and noiso
notors; and that oach unginovor was invostigating & spocific prob-
lem having to do with tho tusting of noiso motors or tho decsign
of a now noiso metor., For dotalils of thoso mattors ploase rofer
to BIMONTHLY REPORT No, 1.

v
e @ ————
s
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During August and Soptembor some of tho instruments roquosted during
June and July were rocoivod and additional oquipment has come in
sinco October 1, Imstruction manuals wore obtainod for many of
thoso instruments and thoso dovicos woro givon proliminary tosts
A to bo suro that thoy woro in working ordor. Unfortunately, noithor
tho Forris Noise Meter, the Stoddart Noiso Metor, nor¥ tho nocossary
Signal Gonorators whish wuro oxpoctod in August havo as yot arrived,
Plans for a secroonod room wuro oomplotod end materials woro ordorod.
At tho roquost of OSAD tho construction of the sercencd room was
postponed in order that no unnccossary oxponsos might bo incurrod,
if tho contract wore to bo torminatod suddonly. Whon it bocame
cloar that tho Navy was intorostod in having tho project continuod,
work on tho serconod room was bogun (Octobor 1, 1945); tho room is
now noarly conmplotod. :

e L R L e

pye—_y
-
-

8inco it was rot possiblo to prooood with an oxporimental program
during tho firsti sovoral months, cortain topics woro choson for
investigntion ty tho onginoors, Thoso investigntions involvod a
scarch of tho litoraturo, oxamination of roports on tho performanco ‘
of noise motors, and tho proparation of oortain annlysos. Tho ana. ;
lysos woro nocossarily incomploto bocauso tho appearatus was not i
available for making tho nocossary oxporimontal observations,

Summarios are givon in Appondicos A, B, C and D, A4s those annlysos

proceeded it became clear that a oonvenient division of the problem

into three parts cculd be made as follows:

1. A critical analysis - both experimental and theoretical -
of present noise meter cirouits (including pickup devices)
and their rosponses to various typos of noise, This in.

= o volves also a study of the roported discropancies among
R A - various noiso metors used with tho samo source, and the
o1 some noise meter used at difforent timos with an allogedly

oonstant source,
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2. Tho caroful proparation of spocifications for satisfactory
noiso metor porformanco, This includos the corystallization
of tho concopt of noiso and tho edaptation of tho indicator
of tho noiso moter to indicate a moasuro of that noiso, It
also includos tho dofinito and unambiguous spocification of
tho input coupling dovices and thoir uso.

The dosign and construction of @& noiso moter (or noise moters) !
to satisfy the spocifications dotorminod by tho procoduro
mentionod in £, abovo,

Tho soctions which follow aro concernod with theoso threo topiecs -
and particularly with the first two. Tho dosign and construction:
of a noiso motor doponds ossontially on tho rosults of the critical
analysis of the present noice meter (item 1.) and upon the prepara-
tion of specifications for & noise meter (item 2,) Therefore, the
next two sections of this report are dewgted to items 1, and 2,
abm.

SECTION II,
Analysis of Prosent Noiso Motors

As statod in Section I. tho date rocorded by tho uso of prosont day
noise moeters have indicatod importent and unoxplainod discropancios.
Owing to a lack of equipmont it has not boen possiblo to parform
oxporiments on this projoct to invostigato this important aspoct

of tho gonaral problom, Novortheless, possiblo causos of thoso
discropencios havo boon montionod by othor workers and havo arison
also from tho analysos of the onginoors on this projoet.

A possiblo causo of thoso discropancios is tho variability of p:lokup
dovicos and mothods of using thom. Thusa thooretical analysis®)
indicatos that tho uso of a dipolo for fiolds closo to tho sourco
may load to urpredictablo orrors in moasuroment; and that a loop
pay bo proforable in such circumstencos, It is also cloar that,
rogardloss of what pickup mothod is usod, tho prosonce of othor
eloctrically conducting matorials in tho vieirity of tho noiso
moasuring sotup may causo orrors. Roprosontatives of the Navy
havo suggostod tho possibility of using a "Condonsor Pickup";
this doservos a careful oxperimontal invostigation to dotermine
among othor questions whothor it is possiblo to obtain adoquato
sonsitivity.

*) Rofor to Appondix A of this roport.
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Investigators of the Arny Air Corps have suggested that tho convortor
in a noise mator, oporating over a wide range of amplitudos, may bo
a sourco of anomalous rosultu. Accordingly, a proliminery analysis
of tho squarc-law mixor*) has boon medo, This indicctos that if -
firat order imago rojoction is satisfactory, tho intormodulation
torms of tho first ordor aro likoly to bo of small importanco. 4
d=teilod analysis by moans of a Fourior oxpansion is roquirod in
ordor to invostizate tho offocts of higher order torms, The oxnari-
1:ental analysis of this problom will involvo a study of imago rejec-
ticn in present meters, particularly at high frequemcies, TFirst
tests in this laboratory of a lisasurements Laboratory noise meter
indicate that this problem is well worth investigating, particularly
at high frequencies, It will be necessary also to perforn oxperimonts
on convertor noilse. .

In a noise meter, the detoctor and indicating device requires ex-
tremely caroful investigations, &Spocifications so far sot up for
such apparatus are definite, but the offectivonoss of tho dovicos
8o spocified for moasuring noiso is quostionablo, This rosults in
part from tho wide variations in tho poak valuos and wavo forms of
tho voltagos fod to tho dovico., Somo of the points rolated to this
problon aro discussod in Appondix C. Tho ontire problam of dotoc-
tors and indicating dovicos is closoly rolatod to tho dofinition
of noise which 1s includod in Soction IXI, of this roport,

Spozifications have boon suggosted for tho width of tho pass band
for :oise motars,., Howovor, it may bo inmportant %o taust tho cffoot
of rh~:u shift, which will rrosunably produco dirfurent eoffocts on
dif:o: 2w typos of noiso witii a givon band-pass :::’.'.-*-:'.'.it. This is
an uiricnsivo oxrorimontal problom, for which nc —uasoneblo analytic-
al rmoitad is avoileblo, Exomples which cen bo r: »,Mly computed aro
8o idsuiizod that their results aro of doubtful value, A sinplo
oxperimental procoduro would be to toet the rosponso of tho bend-
prass circuit for pulses, stops and random noiso. ;

All noiso noters have a limitod dynenie rango. It is quito probablo
that a vory impoertent orror of moasuromont may bo producod by tho
ovorloeding of sono componont in tho noiso motor by somo kinds of
noiso - such as sharp pulsos with low ropotition rato. Whon noiso
notors aro assamblod on this projoot, tosts of this offoct will bo
nado,

* Sco Appandix B,
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SECTION III,

Dotarmination of Spocifications of
Noino Motor Foroinancu

- orior to dotermino spocifications for @ noiso motor, soro con-
siferntion should bo givon to oach of tho followlng itoms:

1, Dofinition of Noiso
2. Intorforing Effoct of Noiso

3. Prossat Holso iiotor Spocifications

4. Morthcas of Coupling a Noiso Motor to a Sourco of Noiso,
L, Dofinition of Noiso

ilolso nay bo definod as eny undosirod siginl having a wido froguoncy
spoctrun, Two gonoral typaos of noisc aro usually distinguishcd for
tho purroso of analysis: &, rando:z or fluctuation roisa, b. pulso
nciso,

lan nedo noiso nmay bo a comnbination of both types. Pulso noiso is
dofinod as individual pulsos diserotly soporatod in timo, Thoso
signels aro oasior to study both thoorecticclly cnd oxparinentolly
and thoy aro oasily dofinnd,

"Randon" noiso may Lo dofirod ag a large nuibor of individual
pulsos which aro supoririposod., Thoy noy bo of random cnplitude
end raaxdon phaso or constant ampiitudo and rundom pheso, This
tyro of noiso hac also boon rofcrréd to as "fluctuation® noise,
*white" noiso or ®hiss" noiso, Whito noiso is in goneral any
noiso whoro tho onorgy is uniformly diastributod in tho froquency
spoctrun, _

Noise has been distinguished as to whother the individual pulses
wore ovorlepplng cr non-overlapping.¥) Using this distinction,
experimontal and theoretical rosults showed that the poak value is
proportional to bandwidth for non-overlapping pulses, and ropor-
tional to tho square root of bandwidth for overlapping pulses,

" The conceptions of random moise and impulse noiso are not suf-
ficiently spocific to distinguish differont typos of noiso, whon
t_i‘ is considered that the measursmont of noisc must bo applicable

’
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to wido band reception such a&s that ocomw‘gig{i&agiﬁl

vision and again narrow band reception such as that ocourring in
spoech or telograph transmission. A pulse repetition rate of
100,000 per second would have the charactoristics of impulse noiso,
vhon recoivod by & radar or tolovision rocoiver, but would appoer
moro liko random noiso whon rocoivod by @ spoosh rocoivor., It is
tioroforo nocossary to bo moro oxplicit in tho doseription of tho
ckaractor of tho noiso.

4n inproved systom by which tho character of tho noisoc could bo
gpocifiod might bo to specify tho quantity 4N - tho numbor of

poaks per unit E having @ voltago amplitudo E per unit timo -

for all values of E. Such a spocificaetion would roquiroc & curve

for oach noisc obsorvation rethor than tho usual attompt to spocify
tho noiso as a singlo quantity, Of courso, eny such distribution
curvo oan bo spocifiod approximatoly by statistical quantitios

such as avoraegos, root moan squarc doviations, ote. Even this
apparently completo spocification is not absoluto, In somo way tho
sharmnoss of tho poaks must bo spocificd. Ono way of doing this is

vo analyzo tho froqueoney distribution although this analysis may bo
both complicatod and confusing if tho pulse ropotition rato is random
in charactor, It may bo notod that for pulsos short in duration com-
parod with tho period of tho highost nodulating froquoncy rocoivablo
tho peak value of tho wavo train producod by tho pulso passing through
tho roceivor filtor is proportional to tho onorgy contont of tho original

pulse, It is anticipatod that practically all noiso pulsos will fall
within this limitation.

oY oct of Noi

Tho chiof roason for moasuring noiso is to stato dofinite limits
which will provont satisfactory communication by ono mocns or
anothor, Howovor, tho intorferonco to such gommunication doponds
upon cortain psychological charactoristics of individuals who aro
using tho communications oquipmont, Thus, inovitably, cortain
subjoetive eritoria rolatod to tho intorforing offoct of noise

havo boon incorporated into tho critorie for dosigning noiso motors.

Thus tho offocts of noiso on tho followinz should bo considored:
&, Telegraphio Signals

b. Speech (Telephone and Radio)
c. T:elevisidn S:I.gnal:n gﬁ‘aviﬂ MNT L

d, Radar Signals,

In the case of speech there are two types of noise to be considered.
ise, Here speech is understandable but the effect of
the noiso is one of irritation and fatigue. This is only of concern
where the signals are being received for long periods of time, (2)
In this caso the intolligibility is of importancs.

High Jovel noise,
This problem has beon under invostigation at Harvard Univorsity and
will soon be roportod.
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Thore is a conflict between the natural dosire to dosign & noise
noter which will measuro certain specific physical quantities and
t.0 nocessity for designing a noise meter that will be useful for
indjcating which noisos produce the groatest interforeonco, It

- .poars impossible to dosign one noise motor whiéh will campletoly
catisfy both these roquiraments., Therofare, it will bo important
to considor both aspocts and to note cloarly in the developmont of
a noice metor precisoly how much attontion is being raid to each
of thonm,

3, Present Noise Meter Spocifications

With a dovico of limitod bandwidth it is necossary to spocify
whothor tho indicator roads poak, averago or instantanoous (such

as is obtainod with a eathodo ray oseillogrorh) voltage. In gonoral
it is nocossary to rocd moro than ono of thoso quantities to spocify
accurntoly tho interforonco offoct., Tho prosont "stondard" attompts
to accomplish this rosult by choosing appropriato timo constontpg for
an intrinsically poak roading indicator.

Roconmondations for noiso motors in tho broedeest band havo boon
drewn up by tho Joint Coordination Cormittoo on Radio Rocoption of
tho Edison Eloetric Instituto, National Eloetrical lanufacturors
Association, and Radio Manufceturors Association, Thoso aro out-
1inod bolow.

"Bandwidth, Tho bandwidth of oquipmont oporating in a cortain
froquoncy rogion should be tho samo as that of typical oquip-
mont operating in that rogion.

"Timo Constont of Meter Circuit, The electrical detecting
eircuit should have a time constant of 10 milliseconds on
charge and 600 milliseconds on discharge,

"Indicating lieter, The meter should have oqual increments
of dofloction for equal incremonts of direct current. Tho
...-time constant should be botwoon 200 and 400 milliscoonds,
(This roquiremant mininizos tho offoct of tho timo constants
of tho indicating motar on tho rozding.)

The meter should have a two decade logorithmic scale, the
charactoristic being obtained in the circuit of the meter.

"mm%m._ The device should be operable with
inputs from microvolts to 100,000 microvolts and should
handle a peak sine wave input of 10 volts with negligible

distortion,

A. V.0, may be used to obtain a
:tlo constant of tho AVC eircuit
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It should be emphasized that a meter built acoording to thess roocom-
menidtions doos not necessarily road intorference valus, Nor would
the resding indiocate the type of noiso presont excopt possibly to
i indicato in a general way its sproad over the band, On pulse type
noise such a moter wuld tond to read peak value on high ropotition
retos and somothing loss than peak valuo on low repetition rates,
Thao prodblem of pulse distortion in the filters must be studied
thoroughly before it will be known just what readings aro obtained

with the various typos of noiso signals.

In the oaso of signals where tho ratio of peak to avorage is large
$he time constant in the A.V.C. oircuit may result in inacourato
readings, Tho maximm value of this ratio which may bo Nandled by
the noiso motor without distortion due to overloading and othor non-

lincar oircuit effocts must also bo analyzod.

-
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In the suporhotorodynoe oirouit such as is genorally usod in prosont
noiso metors a simploe spooification of bandwidth is not nocossarily
uniquo, Thoro aro the bandwidths of tho radio-froquancy amplifior
and of tho intormodiato amplifier, Usually the i.f. amplifior is
much moro sharply tunod than the r.f. amplifioer, honco the former

s largoly detorminos tho ovorall bandwidth of the metor., Howovor, tho

3 bandwidth of tho r.f., emplifier plays a part in dotormining the imago
froquoncy rosponse of tho receiver and oross.modulation offoots which

may bo presont,
A furthor diffioulty with tho bandwidth spooifiocation is that all

have tho samo bandwidth, Honoo it is diffioult to moot this ro-
quiroment with a singlo devioe.

A oomploto sot of spooifioations should contain & spooification
of tho method of calibrating the devico, A4 proliminary study of
various gonorators that might bo used for this purpose is outlinod

in Appondix D,

4, Mothods of Ooupling a Noiso Meter to o Sowrco of Noise

In so far as ooupling is oconcornod thore aro two typos of noise
to bo oonsiderod: rodiated and oonduotod, Rediatod noiso gonorally
causos troublo booause it is picked up by entennas of rocoiving

deviocos., Oonductod noisc may gonerally bo pickod up insido tho

chassis of tho dovioco having boon conduoted thoro by power supply

linos or cables which food signals from othor dovicos, In tho '
oasc of poor shielding radiatod noiso may bo pickod up direotly

om

in the chassis,
o Radiatod noiso may bo most conveniently moammrod by moons of somo
form of tho oconvontional linear or loop antemnas, The offoctivonoss

of both typos in both radiation and induction fiolds is now undor
proliminary invostigation. The rosction of those antonnas on the o
’ > (] F,% i [ AL

T
WYL e
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dovioos oporating in a coertain froquonoy range do not nocossarily
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field when placed near the source (usually the case in noise measure-
ments) will be studied later, A "capacitor" antenna for these
measuremonts has bean suggested by the Navy,

™ methods of moasurement should depend on the internal impedance
of the source at both oporating and noise voltago froquoncies.

Further consideration of tho general topiec of ooupling has not
veon undortaxon,
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SROTION IV,

Apepdices

A, Antonnas for Noiso Meters

B. Frequenoy Oenverbien
0. Dotectors of Elootriocal Noise

D. Calibration of tho Noiso Motor
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APPRDIX 4,

Antennas for Noige Meters

«».0 following disoussion is divided into two parts. In the first

the effectivenoss of the dipole and loop antenna in tho radiation
fiold is considorod. In the socond approximate formulas are given
for tho ratio of voltages induced in thoso two typos of antonnas
viion placed at tho samo point in tho induotion fiold, whon the di-.
monsions of both aro small comparcd to ono half tho wavolongth, amd
whoro tho fiolds are sot up by (a) an olcmontary olociric dipolo and
(b) an olementary magnotic dipole, No considoration of tho condonsor
antonna is medo in this soction, }M.K.S. wits aro usod throughout

this discussion.

= Antonnas in tho Radiation Fiold

It can be shown(l) that tho oirouit of a rocoiving antenna may bo
roprosontod by tho following oquivalont circuit:

z—R‘RR"’"F\ Zp is tho impodanco of tho rocoiving
antonna whan it is driven,

l 21, is the load impodanco across tho

torminals of tho entonna,

tho torminals of tho antonna.

~J,
\6<> L % Vo is tho opon-oirouit voltago across

Fig. 1

This equivaloat oirouit will bo usod to £ind the voltago dovolopod
acress tho load iapodanco as a funotion of froquonoy for sovoral
difforont roocoiving antonnas, Tho following assumptions aro mado
in all the sucocooding work,

1. Tho roooiving antonna is in tho radiation zono of somo
transmitting antonna, i,0, at a distanoco much groator -
than ¢ = from tho transmitting entonna.

r

8, Tho rocoiving antonna is oriontod so that maximm voltago
is inducod in tho antenna by tho distant transmitting antonna.

3. Tho intarnal or ohmioc rosistanco and tho intornal roactanco
are smll comparod to tho rcdiation rosistanco and oxtornal

CONFIDENTIAL
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4, Tho grid circuit impodanco (Rg) of tho first tube is fixod
at 20,000 ohms puro rosictonco and is indopondont of fro-
quoncy.

5. The antonna 18 in a froo field,

.cr thoso assumptions tho voltage developod across tho load impodanco
«I ra ocntenna will bo calculated for throo casos: 1. a half wave
“ipolo turod to solf resonanco, 2. & dipolo short comperod to the
wavo longth, and 3. a loop of rcdius loss than X,

47

1, A helf wave dipolo tunod to solf rosononco.

Tho ratio of antonna longth to antonna radius will first
bo assumod to bo vory much grocter thean ono, Tho half
wave dipolo will actually bo slightly loss than a half
wavo.longth in order that tho roaotivo componont of tho
radiation impodarce may bo zoro. Undor thoso conditions
it may bo shown that tho rosistivo componocnt of tho ra-
diation impedanco is 73,13 ohms, This rosistanco will,
of courso, bo constant with frequoncy. It can ousily bo
shown that for a fiacd tho maximm voltege will bo do-
volopod across Rn whon it is conjugato mtchod to Zg.

For en idocl mntch, tho half wavo dipolo should bo coupled
to RG by a"porfoct" transformor with a turn ratio of‘\ Ea

Rp

Tho voltago dovolopod across Ry will thon bo Vi, = Vg _“F
2

V, bas a valuo of é » honco V, -_A__ \|$ {whero E is

the oloctric field 1ntonsity in volts por motor), which
varies inversoly &s tho froquency. The magnitudo of VG

at tho highost froguenoy (150 me) of a typicel noiso motor
(lioasuromonts Model 58) for a 1 microvolt por motor fiold
will bo about 5 microvolts.

If tho thicknoss of the antenna is teken into consideration,
thon tho radiction rosistcnco of tho balf wevo dipolo will
not bo constant with froquonecy, but will bo loss than 73.13
ohms and will docroaso with froauancy. Thon if is natoh-
od to 73.13 oms, a voltage grootar than that caléulatod
above will bo obtainod, This wvariztion of tho veltego from
tho oxpootod value for an antonna diamotor of 0.5 cm is plottod
in Fig. 8. Over tho 15 - 150 nmo range of tho Modol 58 this
variation is soon to bo about 3 porcont. Tho wvariation por
mogacyclo is also soon to bo groator at tho highor froquon-
clos,

Clnribe W TIAL
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2, A dipole short compared with the vmve length,

4 short dipole shall be one whose length L = .3) at any
frequency considered, The ratio of anteiana length to radius
will bo assuned to be much groater than ono, With these ]
assumptions Vo I.E and if E is oconstant, is indopondent

of frequoncy. ’ hmver, is both resistivo and roactive
and is a complicated function of froquoncy. Tho roactive
component 1s capacitivo and of tho order of sevoral thousand
ohms, for an antonna whoso length is of the ordor of .3\,
xg dooroasos and incroasos with incroasing longth and
increasing froquonsy within tho range. It will bo assumed
that may bo tuned out by varying tho coupling notwork
from the antonna to tho first tube. Tho variation in
with frequency may moke it inmpossiblo to matech R, to RR at
all froquencios. For oxmmplo considor a short d?polo

60 cms. long boing usod from 15 - 150 me, Tho variation of
Ry with froquoncy is shown in Fig., 3. If RG is matched to

Rp at 150 mo, thon tho voltago (Vg) across Rg will vary with

froquoncy, as shown in Fig. 4. VG for a 1 nmicrovolt/metor
ficld at 150 mo, is L% '\‘I'RE" » which is about 2,5 micro-

“R1g0

volts, If the dipolo has a finito radius, tho cbove rosults
will still bo truo to a vory good approximation. Tho possi-
bility of intentionally nismctching tho short dipolo will
now bo considorod, Tho mismrtch would bo mado so thet tho
impodonco looking into tho tronsformer from tho antomna is
ton timos tho mexirmum rediction resistonco. V., would thon
bo practically indopendont of tho rediction rosistanco. Vg

would still bo .58 of tho voltago obtainod whon matchod and
would ho indopendont of froquonoy.

3, A loop of radius loss than AL&,:;,.

In eddition to tho provious assumptions the following will

bo mado: Thore aro no standing vavos on tho loop; tho stroam-
1inos of curront through tho conductor of tho loop ere parallol
to tho axis of tho conductor; tho stroamlinos of curront aro
uniformly distributcd eoross tho orcss-soction of ths conductor
of tho loop; tho oloctronmognotic field throughout tho loop 1s
in phaso; tho offoect of torminal connoctions is nogligiblo.

Tho voltazo inducod in tho loop is givon by

Ve25x10"¢ nﬁ NE volts,

vhoro Ro is tho radius of tho loop in nmotoers, H is tho mgnotic

fiold intonsity in emperos por motor, and N is tho number of
turns, ?E g)s:l.nglo turn loop tho recdiction 1.mpod.anco ZR is

e ik L@u.!v i aﬂi.
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2p = 3.80 x 1072 £%R%+ 3 7,89x10"(102.3.10x10%R -1,75) £Ry clms,

It should bo pointod out that at low froquoncies tho rndiation
rosistoanco 1s not largo conparod with tho ohmie rosistanco in
contradiotion to assumption 3., pago 11, For oznmplo tho ohmio
rosistanco of a loop rado of No., 10 A,W.G. ooppor wire is

2,06 x 10~2 R,

This contradioction will not affeot the rosults that follow,
howovor,

For a moxirnm froquoney of 150 mognoyolos a singlo turn loop
of radius ,15 notors will bo considerod., Tho chuert givon bolow
is obtainod for frequoncios as low as 150 kilocycios,

150 1 10
Froquoncy (mogreyslos)|izilvoyelosinogacyelo |mogncyclos

:{atio of vol*;ngo

mioro-volts) irnducod z
in tho loop to tho  |2.22x10™%* [1.47x10~° [1,47x10~2 |1.47x10-1
olooctric fiold inton-
sity (microvolts por
mtor!

oloctric fiold inton-
sity (mierovolts por
motor) roquiroed to

induco ono nierovolt

in tho loov

Radius of tho Ioop is 0,15 motors
Fig. &

Adssuning that it is roquired to induco at loast onc miorovolt in
tho loop for zatisfactory oporation of the noiso motor, it can bo
soon from tho above chart that tho maxinun sizod loop roquiroes o
high fiold intonsity at low froquancies to induco 2 voltago of
sufficiont nagnitudo in tho loop., 4t low froquoncios, howover,
tho impodanco of tho loop is vory low and tho offcetivonoss of
tho loop myy bo inprovod by propor mctching or incrocsing tho
nunbor of turns.

Tho valuo of tho radiation rosistenoo verios as tho fourth powor
of tho froquoncy and for tho loop proviously concidorod has a valuo
of about 12 ohms at 150 nozaoyelos, If the antonna is matchod to
tho input crid,” tho voltezo Covolopod ut this grid (Vg) will bo 4
microvolts for a 1 microvolt por notor fiold, Nrthor dotails of
tho problom of impodonco mateh havo not boon sufficioently analyzed

T FDENTIAL
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Part JI - Antennas in the Induction Fiéld

Becanse the purpose 'of making radiated noise measurements is frequently
to dotormine the radio interference produced by specific devices in

their inmediate vicinity, it has been the acceptod practice to dbring

4.» chtonnas of noise meters vory closc to those devices. For instanco,
t.0 woposed JAN spocifications on Methods of Radio Interforonce lisasuro-
- 1t roquires that a distanco of ono foot be usod, As is woll known,

.o fiold at such a distanco has many proportios which aro not dcscribod
br tho comparativoly simplo theory which applios to the fiocld at a groator

distenco., It is noocossary to distinguish botwoen tho fiold of an oloctric

dipolo and that of a magnotic ono., As will bo soon, thore aro some goo-

motrical difforencos in tho ficld as woll as difforoncos of magnitudo,

which do not occur for fislds at romoto distances.

Tho following assumptions aro mudo in ordor to havo tho analysis as
simple as possiblo:

(1) Tho propagation takos placo in & froo-fiocld. (This assumption
is closo to tho valid onc¢ at vory short rangos, If tho froeo-
fiold proportios aro known, tho offoct of tho ground plano can
be computod, )

(2) Tho noiso sourco can bo roproscnted by a simplo dipolo, that is,
it is a simplo rondiator of small sizo,

(3) Tho ronction of tho rocoiving cntonna on tho sourco is nogligiblo,

In ordor to aid the simpliocity of formulation, tho oquations givon are
for tho oriontation of sourco cnd rocoiver for which the maximum signal
is rocoived,

a, Plckup frdm an Eloctrio Dipolo

Tho r:lol?.soi)an olomontary oloctric dipolo is givon by tho throo
vootors

rh- m:m (.;3.4»%) cos O cos KR

3

EB'%:';‘& _L,,J%_ﬁ) sin © cos KR
R

't 7y o |
B'- i (32’R> sin 9 cos KR

where P iz the dipole moment, w = 27 times tB frequency, €, is
the permittivity of free space = §,854 x 10 farads per mter,
R and O are given by Fig., 6, and k is the propagation constant,

k= % -zu
CONFIDENTIAL
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where ¢ is the velocity of oloctromagnotio Wﬁt %*f “&L

per sooond, and A 1s tho wavolongth of a plane wave,

Z

- | :
® /

X \‘__

Fig., 6

The voltago piokod up by a ooll is given as boforo, dby

-5 2
vm-z.sxlo T Ro MH
assuning H is uniform throughout tho loop and ogqual to tho magnitudo
at tho contor of tho loop which is at a distanco R from tho dipolo,

Tho voltago inducod in a dipolo entonna short comparcd with 0.3)\
is givon @as in tho provious sootion by

Ve = 15
E

whoro B .is tho oomponont of tho oloctrie fiold intonsity parallol
to tho antonna,

Of intorost is tho ratio of Vm to Vm for tho samo distanoo R,

For distancos wiich KR <1, it is only necessary to consider the
oontribution of the first terms in the expressions for Fﬁ and H¢.

Theso torms will prodaminate for positions perpendicular to the
axis of tho dipolo sourco, Tho valuo of E along tho receiving
dipolo will remain substantially constent at tho valuo of Ee at

its contor point providing tho soparation of souroo axd recoiver
is oqual to or groater than L, It is notod that tho first torm

in ER makos a largor contribution than Egy along tho axis of tho

roooiving dipole but horo tho mognotic fiold will bo zoro., With
thoso approxinations employod tho ratio of VEE to Vm booomos

+14

ViE . 3,60 x 20" 1




B COME WENTIAL

For a sample computation £ = 20 megaeyelos, L = 1 metor,
N = 10 turns, Ro = 0,15 motors and R = 1 motor, then

|
-v;@- -ri .60 E 1914 - 4
Vn 10 x (2 x 207)% = (0.15)%

At lowor frequencios tho retio is highor unless tho number of turns
of tho loop is incroasod considorably. Of courso, this computation
doos not tako into account tho coupling or tuning in the input of
tho rocoivor, which may bo to tho advantngo of oithor tho ceil or
tho rod, depondirg on tho physiocal sotup. Boctuso of tho diffioculty
in dosign:l.ng coils of mony turns, the pickup cf a coil at a given
distance will ganerally be less than that of a rod, providing the
source is an electric dipole.

b, Pickup from a Magmetio Dipole

The field of an olomentary dipole is givon by (314)

- 1.+ JEY cos O cos kR
R R n"’)

2
HS- -—-)sineooskR

- Junr, mot 5%

T i +JEY ein 6 oos kR
\n )

s "

where i is the dipole moment and P is tho permeability of frec
spaco = 1,257 x 10~7 henrioes per 118tor.

Employing tho same formulas as used for tho oleotric dipolo and
maxing tho samo approximations for tho olootric fiold as werc mado
for tho magnotic field and vioo vorsa, the ratio of Vyg to VHH
booomos o

TE. g QI58IR
A'A 4
HE NR,

Using tho samo quantitios which woro used in tho caloulation of
tho oloctric dipolo'

%8l |y s | o

| sz ‘ 10 (0.15)%

An oxprossion which doos not dopond implioitly on tho froquemey.
Howover, tho nunber of tumms of tho ocoil will docroese as fro-
quonoy incroasos so that this ratio will dooroaso for lower
froquonoios, an offoot which is tho invorso of tho ratio Vgp /Vgy.

:’f«-ﬁ .:';«;: _.,.“-,;, ) : o o
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* at a groat distanco (R>>>M/27),
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Ixoopt for vory high froquoncios, tho ratio will gonorally be
lowor for this caso than for tho oloctric dipolo.
For comparison purposos, wo oan also computo tho ratio of VE to VH

The ratio is tho samo rogardloss
of whothor tho sourco is oloctric or magnotic and is

If the samo vnluos aro usod as woro proviously omployod, this

| E
H

= 1,67

7,58 x 20°
"]~ 10 x 20 x 10° x (0.16)2

APPENDIX B,

Froquoney Convorsion

Tho users of several oxisting typos of noisoc moters have observod
certain anamalous effocts, Sono of thoso are:

1. Two noiso metors whoso sino wavo calibrations aro idontical
give difforent indications whan roading tho samo noiso.

2. Whon reading random noiso, a noiso motor may givo difforont
indications at difforont froquoncies oven though both tho sino
wavo calibration of tho noiso motor and tho output of tho sourco
are constant with frogquency. Two noiso roadings at tho samo
frequency but on ovorlapping portions of adjacant froquonoy
bands of tho samo motor also may disagroo,

B e HIE R R VT .

It has boen suggostod that tho nixor may‘ causo thoso offoots, Bocauso 1
the mixor is & non.linocar dovico, it was thought that the rosponso to

a broad bend of froquoncies may somchow diffor from singlo froquoncy i
rosponso; that spurious rosponsos and intormodulation products might I
causo tho unoxplainod discropancios botweon noise and sino wavo road-

ings. I

. Tho recoption of spooch and music with suporhotorodyno rocoivors is
citod as en oxanplo of tho linocarity (distortionloss roproduction
of tho onvolopo) of mixors at broadeast frogquoncios with limitod
typos of transiont multi-froquoney inputs. Tho convontional noiso
motor rosponds only to amplitudo modulation, Assuming that tho

CONFIDEZNTIAL
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noise over a narrow band can be roprosented by a singlo froguency
wavo with amplitude and phaso modulation, twn difforoncos betwoen
tho noiso and tho emplitudo modulated broadcast signals are:

J. The percantago modulation by the noiso may be groator than
100 porcont, vhorecas for broandcast transmission it is kopt

bolow this figuro by F.C.C. rogulation,
?. Tho broadcast signal is not phaso modulctod,

So far, proliminary invostigation has not shown how eithor of thoso
difforencos could cause tho proviously listod offocts.

Intermodulation

To dotormine tho possiblo intormodulation products, tho non-linear
action of tho mixor was analyzod, Thnt analysis has boon porformod
in tho ﬁfernturo in two difi’oyont woys, Ono method usos Fourior
Sorios » Whilo tho other 7} ugos a powor sorios basod upon
Taylor's Thoorom, EIach i;iothod has cortain advantegos. Howovor,
sineco it is possiblo to writo dovm tho froquoncios which appoar in
tho plato curront of a nmixor with moro genorclity whon using tho
powor sorios mothod, that method was usod. Tho input to tho mixor
was takon to bo a signanl voltezo at the froquency to which the
noise netor was tunod, an interforing voltagzo at any other fre.
quency, and the local oscillator voltage. Terns up to and including
tho third order wore considered,

Tho analysis shows that thoro aro quito a fow froquoncios at which
intorforonco nay oceur, liost of thom moy bo oliminated upon in-
spection becauso thoy obviously novor can fall in tho pass band of
tho IF channol. One possiblo sourco of intorforonco is imago fro-
quoney rasponso. This offoct may bo oliminated by propor dosign
of tho RF circuits, If tho gein of tho RF stago at that froquoncy
is 40 db bolow tho gnin at tho contor of tho pass band, thon it is
vory unlikoly that imaso rosponso will bo troublosomo. Thoro is
furthor tho rosponso duo to oseillator harmonics, Thoso too may
bo kept down by propor RF soloctivity.

Exporimontal Vorification
Using a Hallicraftor SX.28A Rndio Rocoivor, two tosts wore nado,

1. Tho rocoiver ﬁm:l.ng was fixod and a signel of variablo fro-
quoncy appliod to tho input,

8. A signal fixed ot tho fromenoy to which tho rocoivor was
tuned was appliod input, 4in sorios with a stronger
signal whoso fro was variod, ;

w PRSP e
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Whon tho variable froquonoy was outside tho pass band of tho ro-
coiver no intoraotion effects botwoen the two signals woro noted.
Tho only responses noted were those at the image frequenoioes and
those dus to the local oscillator harmonic frequencies., Vhen the
variable frequency was within the pass band, the two froquencies
adlod in & manner prediotod by the theory of linear addition of
ti70 sino waves,

Th as a 1

The thoory that tho anomalous offects proviously notod aro causod
by some ohango in tho input impoedanco of tho oonvertor has been
advancod, E-mral, the input impodanco of multigrid mixors
doponds upon (

1, Tudbo typo

2. Typo of mixor

3. Oporating point and froquency
4. Extornal oirouit. '

The following offocts havo boon notod in tho litoraturo, Some are
as applicable to RF end IF emplifiors as to mixors:

1, Capacitanco botwoon grid and ground, This should not causo
-any difficulty on sino wave moasurcmonts or eny differonco
botwoon sine wave and noise measwrononts,

‘Refleoted capacitance and oonduotance due to grid to plate
oapaoitance and amplification of the tube, known as the
Miller effect. Detuning due to chenges in AVC voltage also
comes under this heading. While these effects rmay causo dis-
cropanoies in the roadings of oxisting noiso noters, thoy
probably oan bo nado nogligivle by proper dosign.

3 Input conductanoo duo to:

a, Grid cathodo.sapacitanco and inductanco in the
cathode oirocuit,

b. Leakage and hysteresis in the tube insulating material,
0. Transit time.

The input conduotance dus to these three effects is usually
lunmped ionthor-t given by:
by K e nE

is o.s micromhos/me for ootal base
N typioal values orﬁat average
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K, = - 0.05 m.ic:r.'omhos/x:y.oz (Typo 6A8)

K, =+0005 " " (" o954)
K, =+015 " " (" 6w)
K, =+005 " " (= 6517)

4, A curront of local oscillator froquency which flows to the signal
grid bocause of spanco chargo coupling to the local oscillator grid.

5. Distortion due to overload or cut-off,

It can bo soon how thoso offocts, ospocially 2,, 3., 4., and 5, could
causo difforoncos botwoon noiso motors or changos with froquonecy in
the sarno noiso metor, Hcwover, it 1s not ovidont at prosont how any
of thoso effocts, with tuc poscible oxcoption of transit timo and dis-
tortion, could causo two noiso rotors whoso sine vavo characteristios
aro idontical to disagroo on noiso. Sinco rost of tho noiso nmoters
oporato at froquencios whoro transit timo is nogligiblo, it seoms
that the ovorload offoct is most likoly to ccuso troublo.

AFPEIDIX C,

Dotectors of =lectrical Noise

Definition of Dotection

For the purpose of noise moaswement, detection will be defined as the
prooess of oonverting some charactoristic of tho oloctrical noiso enorgy
. (at radio or intermediato froquoncios) into a form suitable for quanti-
tativo moasuroront by an indicating dovico.

Jioasurablo Quantitios

Thoro is no assuranco at this dato that tho moasuromont of tho poak,
r.m.s,, or avorage valuo of a noiso voltago will givo its intorforing
offoct, In fact, tho situation is so complicated that it may bo
nocossary to moasure more than ono of thoso quantitios, or to moasuro
somo other charactaristic of noiso.

8 od of Peak, Avorago and R,M.S,

Tho following rocarmondations are basod upon tho rasuroront of a
periodic signal. Naturally, tho choico doponds upon tho spocifio
application involvod, and will bo & compromise on meny factors.

"ONFIDEZNTIAL
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a, Poek
1. The most truly poak roading dovice is tho Cathode Ray Tube
(following an i.f. stago), but it is difficult to road noiso
poaks on it,

2. Slidcback eircuits are truly poak reading for largo valuos of
signal, but thoy roquiro a monusl adjustmont for ocach roading,

3., For oaso of meoasuromont, a diodo 'c;lrcu:l.t is probably the bost,
but tho roadings aro affoctod by both motor and oloctrical timo

constants,

>, Average

Tho plato or anodo bend roetifior is rocommondod for its high
input impedance and smnll dependence of the metering cirecuit
upon the preceding stage,

e, RUS,

1. The full.wave square-.law triode is preferred for moderate i.f,
(or r.f.) froquencios since it measures tho r.m,s. value of an
asymmotricel wavo, Its use is limited to low level work.

2, For very high froquencies, tho thormistor end the thormocouplo
. instruwients may bo useful. Howevor, the charactoristics of
both dovicos aro subjoct to chango with tomporaturo, In
addition, tho thormocouplo has a small -ovorload rating and a
low input rosistanco,

At this timo, tho mothods montionod abovo arec tho most promising for
neasuremonts of poak, avorago, und r.m.s,; but it is possiblo that a
specific application nny dictato tho uszo of sormo othor mothod.

t Ro 'sq

The use of a logarithmic response is an obvious aid in the measurement
of widely varying amplitudes which are charaoteristic of some types of
noise, Four known devices acconmplish this result as follows:

1. An indicating meter using specially shapad pole piccos,

2. A logarithmio d.c. amplifior botwoon tho dotcotor and a linoar
indicating dovico.

variablo.m tubcs in a spoecial circuit.

4, Autormatic-gain-oontrollod i.f, stagos using variablo-mu tubos.

*) Refor to Pago 8 of "A Conparison of Dotoctors for Eloctrical Noiso",
an informal menorandun on FProjeet PB, Univorsity of Pennsylvemia,
dated September 21, 1945.
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The first dovice =y bo usod in circuits for roading peak, avorage
oT T.J.8, where the currents produced by the detector are respectively
proportional to the pealk, average, and square of the applied voltage.

™o socond device may be used in circuits for roeading peak, average
wnd r.n.s. whero the currents produced by the dotector are rospoctivoly
wroportional to tho poak, avorago, and avorage of tho squaro of tho
&pnlied voltags.

Tho third arrangenont may bo usod in circuits for roading poak and
avorago whoro tho dotoctor itsolf roads rospoctivoly tho poak and
avorage of tho voltago sppliod to it. In the caso of a dotdctor
whose rospeonso is itsolf proportional to tho moan squaro of the
appliod voltago, tho applicatiion of this i.r, circuit rosults in a
roadirng which is proportional to tho moan squaro valw of tho loga-
rithn of tho voltago appliod to tho i.f. input, not to tho logarithm
of tho moan squaro or r.n.s8. voluos &s would bo dosirod,

The fourth device perforris in the sane manner as tho third when the
a,g.8, time constants of the former aro long compared with the intorvals
between suceessive pulscs, Although no anzlysis has beon made for the
caso whon this is not truo, tho responso is thon probably a complicatod
function of tho input voltago wavo. form, Somo cormorcial radio noiso
meters havo boon producod with a,g.¢. controllod i.f, stagos, but thoro
has boon considerablo discussion about tho effoct of tho a.g.o. time
oonstent whon a roading duo to noiso is taion,

Mothods £g> tho Measuromant cf Othor Charactoristies

Other charactoristics which mey bo perticularly valuablo for "spiko"
typo noiso, aro the following:

a. Pulso ropotition froquonoy.
b. Pulse riso timoe or docay timo, or both,
¢. Pulso duration.
d. Intorval botwoon succossive pulsos,
, 8, Numbor of pulses abovo a givon valuo por unit timo,

Tho moasurcront of an avoraged pulso ropotition froquoney can bo mado
by any ono of a numbor of counting circuits oporatod over o givon timo
interval, Items (b), (c) and (d) involvo tho measuromont of relativoly
short timo intorvuls, lany timo and spood motors havo boon dovisod,
but noérly all of thom dopond upon uweing tubos to control tho cherging
or tho discharzing of a coadonser. Thoy road tho chemgo in ocondonsor
voltago, which is proportional to tho olepsod timo, Tirp moasurcmonts
oan also bo made by oonparing tho unknovm time with tho known tine
betwoen stendard pulsos on @ cathodo reay tubo scroon, Liothod (e) in-
volvoes tho uso of both counting and timing circuits,

»

Se gl LR

:




TR AL

The mothods oonsidcrod horo aro not intondod to bo all-inolusive, As
work progrossos, mothods for tho mpasuromont of other charaoteristios
showing promiso will bo oonsidorod,

Fosponso of tho Diodo to Random Noiso

"~ Invo not invostigatod tho rosponse of tho diodo to rundw YS*If
siaovor, oxcollent artiolos on this subjeot aro awvailable J

APPEDIX D,
Salibration of tho Noiso Motor

In order to oomploto tho spooifications for the dosign of a noiso
motor, a mothod of oalibrating tho dovioo is roquirod.

In gonoral this oalibration may bo performod by foeding & signal of
knowm amplitude and wavo -form into tho meter and dotormining tho
moter's rosponso &s a funotion of frequoncy. Tho oxaot typo of
signal used will dopond upon nany factors such as comploxity of
oircuit, oaso of adjustmont, and stability of tho signal gonorator.
A furthor requiromont is that it should havo tho oharaoter of noiso
itsolf sinoo it ims quito possiblo that with oirouits that may be
usod, rosponsas to various typos of signals will be difforont, It
is not tho purposo of this sootion to disouss whioh typo sigml
should bo usod sinoo insufficiont data is now availoblo on tho
charaotor of noise and noise motor oirouits. Tho succooding para.
graphs givo an outlino of verious gonorators vhich might be usod,
Evaluation of oaoh is basod only on simplioity, stability, froquoncy
range, size, and weight.

8ino Wavo Sources

Those havo a fair stability, Thoir sizo and woight will dopond
upon the froquonoy rangoe dosirod, Either a calibratod output
motor or & woll stabilizod oircuit is roquirod and maintenanoe
is likely to be a problem in the field.

Eapdon Noise Souroes
The best of the :mndon(ﬁi.n sources seems to be the temperature

limited or shot diode If tungsten filaments and highly
ovaouated tubes are used, the stability is good, The oircuit is
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Tho output i1s usable up to 300 mo, Tho froquonsy range is limitod
by transit time and tho intorneal L and C of tho diodo, It is not
necossary to calibrato tho shot diodo, tho output boing proportional
to tho 4,0, ocomponont of tho plato ourront, Tho output is small but
~:1%n4in a roasonably wido froquonocy bandwidth, with a typiocal load in-
sofaaco, 1t is moro than five timos tho thormal noise and tubo noiso
of tho first stago. This is sufficiont for calibration purposos.

S:iko Noiso Sourcos

On a thoorotical basis tho spiko noise souroo(m) with tho most ox-
tondod froquency ranzo is the Iurdus chergod transmission line,

Tho froequoncy ranzo oxtonds to 400 nme, It is to bo omphasizod

that thoso rosults aro thonrotiocnl and havo not boon chocked
oxporimontally, This sourco is intormodiato botwoen tho shot diodo
and tho sino wave source in size and weight, The souroce at rresent
is unsatisfactory due to an instability caused by the contacsts,
There are several other splke noise sources available, sugh as the
Detroit Signal Laboretory's thyratron pulse generator(14) and Harverd's
"blocking oscillator' pulso gonerator. Thoir froquoncy renge is
loss than that of tho Purdue sourco boing usable approximately to
50 mo, Both sourcos aro stablo; the Harvard ono boing tho bottor
in this rospoot, Tho sizo and woight of thoso two sourges aro
snallor than tho Purduo souirco, Tho outputs of all tho sourcos
aro sufficiomt to calibrato tho noiso motor bolow 50 mogaeyclos.
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